Most Americans, including children, continue to eat fewer fruit and vegetables than is recommended, putting themselves at increased risk of various health conditions. The aim of this study was to evaluate the relative importance of several family environment variables (food availability and accessibility, modelling of food consumption, parenting style, and family mealtime environment) in predicting children's consumption of fruit and vegetables in a sample of pre-school children from low income, predominantly ethnic minority families. Two hundred and twenty-nine primary caregivers and their pre-school children were recruited from Head Start programmes in New York and New Jersey. Caregivers gave their consent to the study, completed a series of paper and pencil questionnaires, and had both their height and weight and their children's height and weight measured. Higher availability, accessibility, and parental modelling were associated with higher consumption of fruit and vegetables in children. Availability and Accessibility were the best predictors, but Parental Modelling significantly enhanced prediction over the other variables. Public health interventions should be geared toward helping poorer families increase the availability of fruit and vegetables in their homes, advising parents on how to make them accessible, and encouraging parents to model their consumption.
Introduction
Despite recommendations made by the US Department of Health and Human Services and the US Department of Agriculture, most Americans, including children, continue to eat fewer fruit and vegetables than is considered desirable. 1 Low fruit and vegetable intake is directly associated with an increased risk of many health and medical conditions, including several chronic diseases and obesity. 2 In addition, the World Health Organization attributes approximately 3 million deaths per year to diseases associated with inadequate fruit and vegetable intake. 3 There is a continued need for nutritional interventions that target increasing fruit and vegetable consumption, particularly in children.
Early experiences with a diverse selection of foods play an important role in future food attitudes. [4] [5] [6] Due to patterns of food acceptance that develop early in life, childhood is a time to experiment with a variety of foods to develop food preferences. 7 Exposure to foods and their availability and accessibility have been shown to be essential in developing not only food acceptance but also food preferences. 6, [8] [9] [10] [11] Specifically, Baranowski and colleagues found school-aged children consumed more fruit and vegetables when they were easily accessible (e.g. within reach) and already prepared to be eaten (e.g. when apples and carrots had been sliced). 12 Furthermore, Scaglioni and colleagues found that a positive parental role model may be a better approach to improve a child's diet than attempts to control their diet. 13 Various factors potentially contribute to the underconsumption of fruit and vegetables in children. These include: i) lack of availability and accessibility of fruit and vegetables; 10 ii) parental modelling of food consumption; [13] [14] [15] [16] iii) child feeding practices; 17, 18 and iv) family mealtime environment. [19] [20] [21] The relationship between these variables and fruit and vegetable consumption has been further studied through focus group discussions with school-aged children. These researchers found fruit and vegetables were often unavailable in low income homes and inaccessible in most homes. 12 Simply having fruit and vegetables available was enough to predict higher levels of consumption for those children who preferred them. 22 For those children without fruit and vegetables in their homes, availability had to be combined with easy access before consumption levels increased. Consequently, parents can have a substantial impact on the development of child food preferences, since they primarily determine which foods are accessible and available.
A second possible explanation for low levels of fruit and vegetable consumption is lack of a parental model. A number of studies indicate similarities between parents' and children's food acceptance, preferences, consumption, and dietary behaviours, although it is not known whether the underlying mechanism of the similarities is truly modelling or something else. [23] [24] [25] Children aged two to five years of age accepted a novel food more quickly, and consumed more of that food, when an adult was eating a similar food in their presence. 14 While parental fruit and vegetable consumption impacts that of their children, child feeding practices (the manner in which parents attempt to modify children's eating behaviours) can also be influential. In particular, parents' feeding attitudes and practices affect the types of foods children are offered, control the timing, size, and social context of meals, and set the tone for the eating environment. 18 Parents use many different strategies to ensure their children eat properly, includ-
Significance for public health
Public Health Initiatives are aimed toward prevention. One way to prevent diseases such as heart disease, cancer, and asthma is to improve nutrition through increased intake of fruit and vegetables. There have been several public health initiatives geared toward increasing fruit and vegetable intake, such as the 5 A Day program. However, intake of fruit and vegetables among children remains inadequate. Research to investigate optimal strategies for increasing fruit and vegetable intake is necessary to inform these programs and to enhance the likelihood of their effectiveness. We have demonstrated in samples that have not been well studied, specifically low income, preschoolers from predominantly minority ethnic groups, that improving availability and accessibility of fruit and vegetables, as well as parental modeling, effectively predict intake, making these important elements to consider incorporating into a public health program geared toward improving nutrition in these populations. ing coercive and controlling approaches. 26 Research has shown that the degree of control that parents exert over their children's eating is an important influence on children's food preference and inevitably on what is consumed. 27, 28 Birch and colleagues have identified two forms of parental control that they termed restriction and pressure. With both forms, the intention is to improve healthy eating in children. 18 Restriction refers to the parent limiting access to certain foods, while pressure to eat is an active attempt to increase consumption of healthy foods, such as fruit and vegetables. Previous research has indicated that control over the quality of the food environment should be encouraged, while strict parental control over the child's food intake should be discouraged as it is likely to have the opposite effect to what was intended. 26, 29 Strict parental control has been linked to problematic eating behaviour, overconsumption of restricted foods, and limited intake of pressured foods. 17, 27, 28 Although a number of studies have examined food-related parenting practices, few published studies have examined the relationship between child feeding practices and children's fruit and vegetable consumption.
Journal of Public Health
Similarly, the family mealtime environment has been found to be related to fruit and vegetable consumption. Specifically, individuals viewing television while eating have been found to consume fewer fruit and vegetables and more high-fat foods compared to those who did not view television while eating. [19] [20] [21] Low income families in particular have limited resources and this can make it difficult for them to provide their children with a healthy eating environment. Rasmussen and colleagues found low socio-economic status was associated with less frequent intake of fruit and vegetables. 30 One reason for decreased fruit and vegetable consumption in low income families is the price of these foods. Produce prices have been increasing in recent years; while the cost of snack foods, which are usually less healthy, has been decreasing. 31 Researchers have suggested that this trend in food prices may explain why the rate of obesity continues to be high in individuals with lower incomes.
To summarize, several family environment variables have been identified as influencing children's food preferences and eating behaviours. However, their relative importance in predicting a child's fruit and vegetable consumption has yet to be empirically investigated, especially in low income families from ethnic minority groups with pre-school aged children. To date, research in this area has failed to identify the strongest predictor of children's fruit and vegetable intake or the specific mechanisms underlying it. Two previous studies 30, 32 had shown positive relationships between parent and child fruit and vegetable consumption. However, the underlying mechanism of this relationship remains unclear, as both Availability/Accessibility 30, 33 and Parent Modelling 32, 34 have been shown to be the strongest predictor in different studies. Furthermore, a more comprehensive examination has yet to be undertaken to investigate the relationship between these variables and other potential explanatory variables, such as child feeding practices and family mealtime environment.
The purpose of this study was to evaluate the relative importance of each of these variables in predicting children's fruit and vegetable intake in a sample of low income families from predominantly ethnic minority groups with pre-school aged children. Much of the previous research has examined adults or families with school-aged children, while there has been little research into this issue in pre-school children. Additionally, to the best of our knowledge, all of the research has been conducted only in English, while our research was conducted in both English and Spanish which allowed us to study a more diverse sample. By understanding which family environment variables are the best predictors, public health programmes can be crafted to specifically target those behaviours empirically shown to increase the consumption of fruit and vegetables in a low income multicultural population.
Design and Methods

Participants
Parents or primary caregivers and their pre-school children (aged 2-5 years) were recruited from Head Start programmes in New York and New Jersey as part of a larger study that was approved by the Fairleigh Dickinson University Institutional Review Board. All recruited caregivers whose primary language was English or Spanish were invited to participate. A total of 233 caregiver-child pairs took part in the study. Four were eliminated because their children were out of the targeted age range, so the final sample consisted of 229 caregiver-child pairs. Approximately 61% of the caregivers completed the study in English. Demographic data for caregivers and children are shown in Tables 1  and 2 . We have included children's BMI data from the most recent NHANES study 35 for comparison. Our study sample was made up of a numerically larger proportion of ethnic minority group participants: 81.7% African-American and Latino compared to the 56.2% of the NHANES sample. At the same time, we studied a smaller percentage of White participants (6.1%) vs 35.2% in the NHANES sample. The mean child age was 3.89 years (SD=0.75). For this sample, the mean Body Mass Index (BMI) z score of the children was 0.91 (SD=1.39); 12.6% were in the 85 th to 95 th percentile (overweight) and 22.9% were in the 95 th percentile or above (obese). Visual inspection of BMI data revealed that although the proportions of each sample who were overweight (BMI z scores between the 85 th and 95 th percentiles) were comparable, we found a greater prevalence of obese participants (BMI z score above 95 th percentile) in our sample (22.9%) vs the NHANES sample (12.1%).
Procedure
Head Start programme groups in New York and New Jersey were contacted to solicit their participation. Caregivers of pre-school children enrolled at these sites were given the opportunity to attend a course and discussion on children's nutrition, entitled Healthy Eating, Healthy Kids, where healthy snacks and refreshments were provided. Approximately 30 presentations took place with 2-20 caregivers attending each presentation. At the presentation, caregivers were offered an opportunity to participate in this research study in return for a chance to win a food basket and a DVD player.
Informed consent was obtained from all participants and their rights were explained. In addition to a demographic questionnaire, those caregivers who agreed to participate completed a series of questionnaires prior to hearing the presentation. English and Spanish versions of all measures were available. Translation and back translation of the English versions into Spanish were made blindly and independently by native bilingual speakers. Height and weight of both caregivers and children were measured.
Measures
In several cases, single-item indicators were extracted from longer multi-item scales because they focused on constructs of interest in this study, while the parent scale addressed a more general construct. This decision is consistent with prior studies demonstrating the validity of single-item face-valid indicators when compared with multi-item alternatives. 36, 37 Diet history questionnaire
The 2007 version of the Diet History Questionnaire (DHQ), 38 consisting of 124 items that measure both portion sizes and the frequency of intake of different types of food over the past year, was used. Two studies have demonstrated superior validity for the DHQ when com-pared with other food frequency questionnaires. 39, 40 Due to the length of the DHQ, the questionnaire was modified as follows: i) the sections assessing portion size were eliminated; ii) foods with ten or fewer calories (e.g. coffee and tea) were eliminated; iii) foods that were not usually consumed by children (e.g. alcoholic beverages) were eliminated; and iv) individual foods were combined into larger categories (e.g. apples, pears, and bananas were replaced with fruit). The modified DHQ consisted of 32 items assessing the frequency of different foods consumed. Caregivers completed it twice so they could describe both caregiver and child eating behaviours. Two questions from the child version asking caregivers how frequently their child eats fruit and vegetables were used for the purposes of the present study. The range of consumption was 0-120 times per month.
The child feeding questionnaire
The Child Feeding Questionnaire (CFQ) 18 18 The CFQ is intended for use with parents of children ranging in age from 2 to 11 years. Items are completed using a 5-point Likert scale.
Coefficient alpha estimates for this sample ranged from 0.60 (Pressure to Eat) to 0.88 (Monitoring) across subscales.
Family mealtime environment
Family mealtime environment was examined using a 16-item questionnaire that was modified from one previously used in a school-based intervention study (Teens Eating for Energy and Nutrition at School, TEENS). 19, 41 For the current study, the questions were revised slightly from those given in the TEENS project to reflect pre-school children as opposed to adolescents. Four items assess the frequency of mealtime behaviours (e.g. eating together, having the television on during dinner) using a 3-point scale from less than 1 time per week to over 3 times per week. The remaining 12 questions ask caregivers whether they agree or disagree with statements about their family eating behaviours (e.g. We are too busy to eat together as a family most nights).
Boutelle et al. 19 conducted a factor analysis that yielded a 3-item Time scale and a 4-item Television scale. Higher scores on the Time scale indicate that the family finds more time to eat together and higher scores on the Television scale indicate that the family frequently watches television during mealtime. Coefficient alpha estimates for the current sample were 0.65 (Time) and 0.66 (Television).
Parent modelling questionnaire
Four items were used to examine the extent to which caregivers model consumption of produce. The item stem My child's (mother or father) eats _____ in his/her presence was combined with two healthy choices (fruit or vegetables) to yield 4 items reflecting modelling of fruit and vegetable intake separately by each parent. If the mother of the child completed the questionnaire, those questions pertaining to the mother were used, while if the father completed the questionnaire those questions were used in order to obtain the total score. Parents were given five response options for each statement (e.g. at every meal/snack eaten together, at most meals/snacks eaten together).
Parental dietary modelling scale
The Parental Dietary Modelling Scale (PDMS) 16 is a 6-item scale that assesses the frequency with which parents model various dietary behaviours. Each of the items assesses parental performance of a specific dietary behaviour, such as eating low-fat snacks or fruit and vegetables. To measure the frequency with which they engage in specific dietary modelling behaviour, parents select from options 1=never to 5=always.
One question from the PDMS was used for the current study: When I show my child I enjoy fruit/vegetables, he/she tries them. This question was used to assess the perceived effectiveness of parental modelling of enjoyment of fruit and vegetables on the child's eating fruit and vegetables. The range of scores was 1=never to 5=always.
Accessibility of produce
Accessibility of produce was measured using one question: Do you or your partner prepare fruit and vegetables for your child (slicing, washing, peeling)? This was modified from a similar item used by Reinaerts et al. 42 in a study that included older children, as the original item reflected the children's ability to prepare produce on their own (sometimes my child prepares his/her own fruit and sometimes I prepare it).
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Availability of produce
Availability of produce was measured using two questions, one asking parents about the availability of fruit and vegetables in the home and another asking parents about the availability of fruit and vegetables that the child likes in the home. 42 Items were completed on a 5-point scale from always to never, and were averaged to create one availability variable. Higher scores indicated greater availability of produce. The coefficient alpha estimate for the current sample was 0.89.
Results
Descriptive statistics for all measures may be found in Table 3 . Zeroorder correlations were computed in order to determine the relative contribution of the family environment variables to children's fruit and vegetable consumption. As shown in Table 3 , availability (r=0.26), accessibility (r=0.20), parental modelling of fruit and vegetable consumption (r=0.15), and the effectiveness of parental modelling (r=0.17) were significantly related to children's fruit and vegetable intake.
Analyses were also conducted for these predictors for fruit and vegetables separately. Availability was a significant predictor of both fruit (r=0.25, P<0.01) and vegetable (r=0.24, P<0.01) intake. Positive relationships were also found for accessibility of both fruit (r=0.19, P<0.01) and vegetables (r=0.18, P<0.01). A significant positive relationship was found between parent modelling and vegetable consumption (r=0.19, P<0.01) but not fruit consumption.
A hierarchical regression analysis was conducted to assess the incremental relationship between Parental Modelling and consumption of fruit and vegetables over Availability and Accessibility. As shown in Table 4 , results for Step 1 were significant: R 2 =0.074, F(2, 222)=8.88, P<0.001. Availability was a significant predictor over Accessibility: t(222)=2.78, P=0.01. But Accessibility was not a significant predictor over Availability: t(222)=1.19, P=0.235. In Step 2, Parental Modelling did not result in a significant increment in fit over the first two predictors. To assess the incremental effect of the perceived effectiveness of Parental Modelling of fruit and vegetables on the child eating fruit and vegetables over Availability and Accessibility on children's fruit and vegetable consumption, a second hierarchical regression analysis was conducted using the effectiveness item from the PDMS (When I show my child I enjoy fruit/vegetables, he/she tries them). This item was associated with a significant increment in fit (F (1, 223) =9.93, P=0.01) and accounted for an additional 2.8% of variance in consumption.
Another analysis was conducted to evaluate whether Parental Modelling was a better predictor when restricted to primary caregivers who were biological parents. As shown in Table 5 , Availability and Accessibility remained significant predictors (F (2, 190)=5.89, P<0.01) and accounted for 5.8% of the variance. When Parental Modelling was added, the increment also achieved significance (F (1, 189) =6.88, P=0.01) and accounted for an additional 3.3% of the variance.
Discussion
As hypothesized, the availability and accessibility of fruit and vegetables, and the perceived effectiveness of parental modelling were the best predictors of children's fruit and vegetable consumption. This find ing is consistent with previous research 12, 42, 43 examining the effects 15 found that children were more likely to try unfamiliar foods after they saw an adult consuming the food. Therefore, it is evident that parents influence their children's food intake by acting as role models and eating healthy foods in the presence of their children. The addition of the child trying fruit and vegetables after the caregiver shows enjoyment of eating them (perceived effectiveness of parental modelling) to the availability and accessibility of fruit and vegetables improved the prediction of children's fruit and vegetable consumption. This was as expected since the parent is eating the fruit and vegetables in the child's presence and the child is trying the food while the parent is eating it. Also, the parent is not only modelling consumption, but also the enjoyment of fruit and vegetables.
It was also found that the addition of Parental Modelling (the act of eating fruit and vegetables in the presence of the child) to the Availability and Accessibility of fruit and vegetables did not improve the prediction of children's fruit and vegetable consumption over Availability and Accessibility alone. Although parents may be eating in the presence of their children, they may not be modelling the behaviour if children are not paying them any attention. This is in contrast to the perceived effectiveness of Parental Modelling, which was measured by asking parents if they agree with the statement When I show my child I enjoy fruit and vegetables, my child tries them. In the latter case, the parent is not only eating the fruit and vegetables in the child's presence, but the child is engaged in the activity and also trying the food at the same time. When examining just those primary caregivers who are biological parents, it was found that the addition of Parental Modelling to Availability and Accessibility of fruit and vegetables improved prediction of children's fruit and vegetable consumption over Availability and Accessibility alone. It is unclear whether this discrepancy in findings stems from meaningful differences in sample characteristics.
A number of limitations of the current study must be considered when examining the results. This study was cross-sectional and is limited by the use of self-report measures. All of the measures reflect the perceptions of the parent or primary caregiver who filled out the questionnaire rather than direct observation or use of monitoring over a period of time. For example, having the caregivers record their children's food intake for a week would likely be more accurate than reporting on foods they previously ate. Additionally, although the high prevalence of obese (BMI at or above 95 th percentile) children in this sample (22.9%) is similar to the estimations made in other studies of MexicanAmerican pre-school children (23.5%), 44 it was over 10% greater than the most recent NHANES sample, 35 possibly due to the larger proportion of children from an ethnic minority background that we studied. Finally, the study sample consisted of parents who themselves agreed to attend a nutrition programme and, therefore, it could be assumed that these individuals are either more interested in nutrition than those who did not attend the programme or have more time to attend a programme than other Head Start parents.
In addition, the results do not address the causal nature of the relationships between the family environment variables and children's fruit and vegetable consumption. Although many factors contribute to what an individual eats, and relationships were found to exist between certain family environment variables and fruit and vegetable consumption, a longitudinal study would allow the observation of how these variables are temporally related.
In conclusion, it was found that the Availability, Accessibility, and Parental Modelling of fruit and vegetable consumption predicted children's consumption of fruit and vegetables. Additionally, it was found that Availability and Accessibility were the best predictors. This research adds to the current literature by being one of the few studies investigating fruit and vegetable consumption in a sample of low income families with pre-school aged children predominantly from ethnic minority groups. Much of the research that has been carried out in this field examined middle-class adults and families with school-aged children. This research examined fruit and vegetable intake in preschool children a time when children are still learning and developing food preferences. Additionally, by targeting low income families from ethnic minority groups, we investigated a population with significant economic barriers to purchasing produce which is a more costly alternative to other food choices. 31 Approximately 66% of participants reported an annual household income of less than $20,000. According to national spending patterns of low income families, only 17% of their income goes towards purchasing food. 45 Therefore, it can be assumed that participants did not often have produce available in the home due to the high costs. It seems likely that in more affluent families, where fruits and vegetables are almost always available, Availability and Accessibility may be weaker predictors. By understanding the family environment variables that are related to fruit and vegetable consumption, public health initiatives can be geared toward helping poorer families purchase more fruit and vegetables and make them accessible to their children. Once the fruit and vegetables are available and accessible, parents also need to model healthy eating. In order for low income families to be able to provide more fruit and vegetables, policy changes at all levels need to be made to create increased opportunities for these families to have access to healthier foods.
